Abstract: A better understanding of what drives behaviour change in obese pregnant overweight women is needed to improve the effectiveness of lifestyle interventions in this group at risk for gestational diabetes (GDM). Therefore, we assessed which factors mediated behaviour change in the Vitamin D and Lifestyle Intervention for GDM Prevention (DALI) Lifestyle Study. A total of 436 women, with pre-pregnancy body mass index ≥29 kg/m 2 , ≤19 + 6 weeks of gestation and without GDM, were randomised for counselling based on motivational interviewing (MI) on healthy eating and physical activity, healthy eating alone, physical activity alone, or to a usual care group. Lifestyle was measured at baseline, and at 24-28 and 35-37 weeks of gestation. Outcome expectancy, risk perception, task self-efficacy and social support were measured at those same time points and considered as possible mediators of intervention effects on lifestyle. All three interventions resulted in increased positive outcome expectancy for GDM reduction, perceived risk to the baby and increased task self-efficacy. The latter mediated intervention effects on physical activity and reduced sugared drink consumption. In conclusion, our MI intervention was successful in increasing task self-efficacy, which was related to improved health behaviours.
Introduction
The prevalence of maternal obesity in pregnancy has increased in the past decades [1, 2] and is associated with increased risks for both mother and offspring. In particular, women with obesity and women with excess gestational weight gain have an increased risk for developing gestational diabetes (GDM) [3, 4] . To date, lifestyle interventions aimed to reduce the risk of GDM in women with obesity have shown only limited success [5] , but do have the potential to improve lifestyle behaviours [6] [7] [8] and to modestly limit gestational weight gain [5] .
The Vitamin D and Lifestyle Intervention for GDM Prevention (DALI) Lifestyle Study was designed to offer lifestyle counselling to obese pregnant women, in order to prevent GDM. In the DALI Lifestyle Study, the women were counselled based on seven healthy eating messages and/or five physical activity messages [9] . The counsellors used principles of motivational interviewing [10] to enhance intrinsic motivation and action planning for healthy eating and/or physical activity. We previously reported positive changes in some lifestyle behaviours and a relevant reduction in gestational weight gain in a combined healthy eating and physical activity intervention [11] . Although no improvements in glucose metabolism were observed [11] , the combined healthy eating and physical activity intervention was cost-effective [12] , and effective in reducing neonatal adiposity [13] . Combined, these effects warrant further implementation of the DALI combined intervention, or a similar intervention, for obese pregnant women. Therefore, understanding mechanisms behind behaviour change is important for improving future interventions.
The DALI protocol and measures were informed by the Health Action Process Approach (HAPA) [14] , a theory of behaviour change, widely applied in lifestyle interventions, including those aimed at prevention of type 2 diabetes [15] . Recently, it was also found to be useful in explaining physical activity levels of women with a recent history of GDM [16] . HAPA provides a framework for understanding the process of adoption, initiation and maintenance of health behaviours. In the motivation phase preceding the volition phase (where actual behaviour change is realised), high-risk perception, positive outcome expectancies and perceived self-efficacy are regarded as three key determinants. Once intention to change is formed, self-efficacy and perceived social support remain important mediators in the process of action planning and maintenance of behaviour change [14, 17] .
Here, we report on secondary analyses, with the aim to enhance our understanding about why obese pregnant women change, or do not change, their behaviour. This should help us further improve lifestyle interventions for this particular patient group at high risk of GDM. As determinants of behaviour change might differ between separate lifestyle behaviours, we aimed to assess which factors mediated behaviour change for each lifestyle factor, separately, in the DALI Lifestyle Study.
Materials and Methods

Design and Participants
The DALI Lifestyle Study was a multi-centre randomised trial conducted in nine European countries (Austria, Belgium, Denmark (Odense, Copenhagen), Ireland, Italy (Padua, Pisa), Netherlands, Poland, Spain and United Kingdom) during 2012-2015. Local ethics committee approval and written informed consent for all women was obtained. Pregnant women with a pre-pregnancy body mass index (BMI) of ≥29 kg/m 2 , ≤19 + 6 weeks of gestation, a singleton pregnancy and aged ≥18 years were invited to participate. Exclusions included diagnosis with early gestational diabetes [18] , pre-existing diabetes and chronic medical conditions [9] . Measurements occurred at baseline (prior to 20 weeks of gestation), and at 24-28 and 35-37 weeks of gestation.
Randomisation and Interventions
Women were randomised to a healthy eating and physical activity (HE&PA), healthy eating alone (HE), physical activity alone (PA) group or a usual care (UC) group, using a computerised random number generator, pre-stratified for site. Staff involved with measurements, but not participants, were blinded to the intervention.
In the intervention groups, participants were assigned to a single coach, with whom they discussed five physical activity and/or seven healthy eating messages (See Table S1 ), depending on group allocation, and were advised to keep gestational weight gain below 5 kg. The 5 kg weight gain target-without gestational weight loss-rather than the 9 kg recommended by the Institute of Medicine [19] was chosen since it was associated with less adverse outcomes in previous studies [20, 21] . Coaching, guided by principles of motivational interviewing, took place during five face-to-face sessions of 30-45 min each, alternated with up to four optional telephone calls. In the UC group, participants received no DALI interventions.
Outcomes
Levels of physical activity were assessed using the Pregnancy Physical Activity Questionnaire (PPAQ) [22] at the three time points. The original PPAQ consisted of 32 activities including household/caregiving, occupational, sports/exercise and inactivity measured during the current trimester. Open-ended questions allowed the respondent to add activities not already listed. In DALI, two questions for cycling to work (4.0 MET (metabolic equivalent of task)) and recreational cycling (8.0 MET) were added, due to the frequent performance of these activities in some European countries. Participants were asked to select the category that best approximated the amount of time spent in one of these activities. The duration of time spent in each activity was multiplied by its intensity such that an average weekly energy expenditure (MET hours/week) was calculated for each activity. For the open-ended reported activities, a compendium of physical activities was used to obtain MET values for intensity [23] . Activities were categorised by intensity (sedentary, light, moderate, vigorous), type and total activity (sum of all activity with an intensity above 1.5 MET). Self-reported moderate and vigorous activity were summed and presented as MET hours/week of moderate-to-vigorous physical activity.
Nutrition was assessed using a bespoke short food frequency questionnaire covering key foods linked to the intervention messages and based upon prior work [24] . The number of portions/week for each key food component (sugared drink, vegetable, carbohydrate, protein, fibre, and fat consumption) was calculated as the product of the frequency consumed/week and the number of portions per episode. A portion was the amount of food that can fit into the palm of your hand or 200 mL of fluid (a medium sized cup or glass). Portion size was calculated as the number of portions of food components per week.
The outcomes reported in this paper were limited to the six lifestyle factors that changed significantly from baseline to 24-28 weeks or 35-37 weeks of gestation due to the either the HE&PA, HE or PA intervention (moderate-to-vigorous physical activity, sedentary behaviour, sugared drink consumption, vegetable consumption, carbohydrate intake and portion size).
Potential Mediators
Based on the HAPA model [14] , perceived risk, outcome expectancy, social support and self-efficacy relating to weight control, physical activity and nutrition were assessed at all three time points. Perceived risk for developing GDM was assessed with the following question: "What do you think is your risk of developing GDM?" Answering options ranged from 1 (very low) to 5 (very high). Outcome expectancy, social support and self-efficacy were asked with multiple single statements, as have been used in multiple previous studies, with possible answering options ranging from 1 (fully disagree) to 10 (fully agree). For example, "I believe that increasing my physical activity level will reduce my risk for developing GDM" (fully disagree-fully agree). The full list of items can be found in Table S1 .
For outcome expectancy for GDM risk reduction and for outcome expectancy for a reduction of risk to the baby, the scores of two items concerning managing weight and staying active were combined. For instance, for outcome expectancy for GDM risk reduction, the score for the item "Managing my weight during this pregnancy, will help me to reduce my risk of developing GDM" and the score for the item "Staying physically active during this pregnancy, will help me to reduce my risk of developing GDM" were summed and divided by 2 (see also Table S1 ). The combined variable was then tested as potential mediator for intervention effects on sedentary behaviour and moderate-to-vigorous physical activity. Similarly, the scores for the items concerning weight management and healthy eating were averaged, and the combined variable tested as mediator of intervention effects on nutrition outcomes. For task self-efficacy, the three items for the confidence in being able to control weight, to be physically active in the short and in the long term were averaged, as well as the three items for weight control and healthy nutrition in the short and the long term.
Statistical Analyses
Differences between intervention groups were tested using ANOVA for continuous variables, or chi-square or Fisher's exact tests for categorical variables. When significant differences were detected with ANOVA, the intervention groups were compared to UC group with Tukey's post-hoc tests. All analyses were performed in SPSS version 22 (IBM Corp, Armonk, NY, USA). A two-sided p < 0.05 was considered significant for differences between groups. No adjustments for multiple comparisons were made.
Mediation of intervention effects at 24-28 weeks and at 35-37 weeks by different psychological constructs at 24-28 and 35-37 weeks was assessed in parallel mediation analyses [25, 26] . Multiple mediation models are preferred over simple mediation models as most effects operate through multiple mechanisms at once. Furthermore, this allows the determinations of the strongest indirect effect [25] .
The PROCESS macro (version 2.16) was run to compute the following steps simultaneously: (1) estimation of the intervention effects on the mediators by regressing the mediator score on the baseline mediator score, confounders and intervention dummies (a-coefficient); (2) estimation of whether changes in the mediators predict changes in the outcome variables by regressing the outcome variables onto the baseline values of the mediators, mediators, baseline values of the lifestyle outcome and intervention dummies (b-coefficient); (3) estimation of the indirect effect (a × b-coefficient); (4) estimation of the direct effect when accounted for the indirect effect (c'-path); (5) estimation of the total intervention effect (c-path). The results of these intervention effects on lifestyle outcomes vary somewhat from those previously published [11] , due to differences in sample size and analysis method. For all mediation analyses, clustering per site was taken into account.
Bias-corrected bootstrapped 95% asymmetric confidence intervals (based on 10,000 bootstrap samples) were computed for the indirect effect [25] . The indirect effect is statistically different from zero if the confidence interval does not straddle zero. PROCESS was run for each lifestyle outcome with the same value for the random number seed attributed to each run. This was done to obtain results as if all the paths were estimated in one model with multiple dependent variables. The intervention condition is a multi-categorical independent variable and was therefore analysed with dummy coding [26] .
Results
Maternal baseline characteristics were comparable between groups (Table 1) . Psychological variables and lifestyle behaviours per intervention group are described in Table 2 for all three time points in pregnancy. No baseline differences in psychological variables were found. Women's expectancy-that managing weight, increasing physical activity and healthy eating would lead to a reduction in GDM risk and in a risk reduction for their baby-was high at the start of the study. Task self-efficacy for healthy eating was somewhat higher than for physical activity.
Intervention Effects on Psychological Variables (A-Path)
Intervention effects on psychological variables at 24-28 and 35-37 weeks can be found in Table 3 and Figures 1-3 (a-path). Small variations in results are due to differences in sample sizes in the various analyses. In general, all three interventions increased the women's expectancy that managing weight, increasing physical activity and healthy eating would lead to a reduction in GDM risk and in a risk reduction for their baby. Furthermore, both the HE&PA and PA intervention increased task self-efficacy for physical activity. Task self-efficacy for healthy eating was increased in the HE&PA and HE group. In the HE&PA intervention, increased satisfaction with social support was observed for physical activity. Satisfaction with social support for healthy eating increased in the HE group, but was only statistically significant in some of the analyses, depending on the outcome variable tested in the mediation model and the number of participants having missing data for this specific outcome variable. None of the interventions had an effect on the perceived risk of developing GDM.
Association of Psychological Variables with Lifestyle Behaviours (B-Path)
Task self-efficacy for physical activity at 24-28 weeks was positively associated with moderate-to-vigorous physical activity (MVPA) at 24-28 (0.04; 95% confidence interval [CI] 0.02, 0.07) and 35-37 weeks (0.03; 95% CI 0.02, 0.06) (Figure 1A ,B; Table S2a ). Outcome expectancy of a reduction in GDM risk at 35-37 weeks was positively associated with MVPA at the same time point (0.04; 95% CI 0.001, 0.07, p = 0.047). Task self-efficacy for healthy eating at 24-28 and 35-37 weeks was negatively associated with sugared drink consumption at the same time point (for 24-28 weeks −0.24; 95% CI −0.42, −0.06; for 35-37 weeks −0.25; 95% CI −0.41, −0.09). The association of task self-efficacy at 24-28 weeks with sugared drink consumption at 35-37 weeks was not significant (−0.24; 95% CI −0.51, 0.04) ( Table S2c ). Increased satisfaction with social support for healthy eating at 24-28 weeks was negatively associated with portion size at 35-37 weeks (−1.15; 95% CI −2.30, −0.01) (Table S2f ). Outcome expectancy of reduced risk for their baby at 35-37 weeks (0.79; 95% CI 0.09, 1.48) and task self-efficacy at 35-37 weeks (−0.55; 95% CI −0.95, −0.15) were associated with portion size at 35-37 weeks. No other significant associations between psychological variables and lifestyle behaviours were observed (Table S2a-f). 
Mediation by Psychological Variables of Intervention Effects on Physical Activity and Sedentary Behaviour
(a × b path) Table S3 shows the total intervention effects on moderate-to-vigorous physical activity (MVPA) and sedentary behaviour (c-path) at 24-28 and at 35-37 weeks. Task self-efficacy for physical activity at 24-28 weeks was a mediator of intervention effects on MVPA at 24-28 weeks in both the HE&PA (indirect effect 0.09 (95% CI 0.03; 0.19)) and the PA group (indirect effect 0.08 (95% CI 0.02; 0.18)). Also, at 35-37 weeks, task self-efficacy at 24-28 weeks mediated intervention effects on MVPA in those two groups (HE&PA: indirect effect 0.06 (95% CI 0.01; 0.16); PA: indirect effect 0.08 (95% CI 0.01; 0.20)) ( Figure 1A ,B, Table S2a ). Outcome expectancy of reduction of GDM risk at 35-37 weeks mediated intervention effects on MVPA at 35-37 weeks in the PA group (indirect effect 0.07 (95% CI 0.001; 0.22). None of the psychosocial variables at 24-28 or 35-37 weeks mediated intervention effects on sedentary behaviour at 24-28 or at 35-37 weeks (Table S2b) . Table S3 shows the total intervention effects on sugared drink consumption, vegetable consumption or carbohydrate intake, and portion size (c-path) at 24-28 and at 35-37 weeks. For sugared drink consumption at 24-28 weeks, two mediating variables were found with opposite effects in the HE&PA and HE intervention groups ( Figure 2 , Table S2c ). The expectancy that weight management and healthy eating would result in a risk reduction for the baby was increased in all three intervention groups. This outcome expectancy was however associated with increased sugared drink consumption, resulting in significant indirect effects in all three groups (indirect effects HE&PA: 0.38 (95% CI 0.02, 1.13), HE: 0.38 (95% CI 0.01, 1.21), PA: 0.43 (95% CI 0.02, 1.32)). At the same time, task self-efficacy for healthy eating increased in the HE&PA and HE groups. Higher task self-efficacy was associated with reduced sugared drink consumption, resulting in significant indirect effects in the HE&PA (−0.56 (95% CI −1.43, −0.07)) and HE group (−0.48 (95% CI −1.27, −0.06)) ( Figure 2 , Table S2c ). Higher task self-efficacy at 35-37 weeks also mediated intervention effects on sugared drink consumption at 35-37 weeks in the HE&PA group (indirect effect −0.46 (95% CI −1.19; −0.05)).
Mediation by Psychological Variables of Intervention Effects on Healthy Eating Behaviours (a × b path)
Outcome expectancy of a risk reduction for the baby at 24-28 was a mediating variable for the intervention effect on portion size at 24-28 weeks in all three intervention groups ( Figure 3A , Table S2f) Table S2f ). Furthermore, outcome expectancy of a risk reduction for their baby and task self-efficacy at 35-37 weeks mediated intervention effects on portion size at 35-37 weeks, both in the HE&PA and HE groups (for outcome expectancy HE&PA: 0.96 (95% CI 0.06; 2.73), HE: 0.64 (95% CI 0.02, 2.10) and for task self-efficacy HE&PA: −1.03 (95% CI −2.72, −0.12), HE: −0.85 (95% CI −2.24, −0.11)).
None of the psychological variables at 24-28 or 35-37 weeks mediated intervention effects on vegetable consumption (Table S2d) or carbohydrate intake (Table S2e ) at 24-28 or at 35-37 weeks.
Discussion
We found that all three intervention groups in the DALI Lifestyle Study were associated with increased outcome expectancy for the reduction of GDM risk and the risk to the baby, and with increased task self-efficacy compared to the usual care group. Furthermore, although the interventions were not specifically aimed at this, women were more satisfied with the social support they received for being physically active in the combined HE&PA group and for healthy eating in the HE group. The improvements in task self-efficacy were related to increased physical activity, reduced sugared drink consumption and portion size. Increased satisfaction with social support for healthy eating was related to decreased portion size. Unexpectedly, higher outcome expectancy of a risk reduction for the baby was related to increased sugared drink consumption and portion size.
Our findings confirm the importance of self-efficacy for behaviour change. Self-efficacy is well established as determinant of a healthy lifestyle and lifestyle changes. Recently, the importance of self-efficacy as predictor of physical activity was shown in women with a history of GDM [16] . We now demonstrate the importance of self-efficacy both for moderate-to-vigorous physical activity and for sugared drink consumption for obese pregnant women at risk of GDM. However, a review of mechanisms of change specifically within motivational interviewing interventions found no evidence for a mediating effect of self-efficacy in relation to behaviour change [27] . The authors found this surprising since "self-efficacy is an important construct in motivational interviewing" and suggested this lack of evidence might have been due to poor measurement of self-efficacy in previous studies. We made sure that we linked the questions on self-efficacy for reaching weight, physical activity and dietary goals to the relevant behaviours. Furthermore, we measured it on a 10-point scale, and did not have problems with ceiling effects in our population. This might explain why we found significant mediation of self-efficacy of effects on moderate-to-vigorous physical activity and sugared drink consumption after a motivational interviewing intervention. However, the statements for measuring self-efficacy and, also, the other psychological variables, might have lacked specificity for the other behaviours (sedentary behaviour, vegetable and carbohydrate intake) for which no mediation by self-efficacy was found. For future interventions, the behaviour change techniques most suited for improving task self-efficacy should be identified and integrated in the intervention, as suggested by Ainscough et al., who developed a decision tree to support the development of antenatal lifestyle interventions [28] .
Although the interventions increased the outcome expectancy that managing weight and obtaining physical activity and nutrition goals would lead to a reduction in the risk for GDM, this was not found to mediate intervention effects on lifestyle outcomes at 24-28 weeks, and only the effect on moderate-to-vigorous physical activity at 35-37 weeks. This is partly in line with previous findings in women with a history of GDM [16] and patients with diabetes [29] , in whom outcome expectancy was not associated with the intention to be physically active. More research is warranted to elucidate the role of outcome expectancies in prevention trials. More so, as we did find mediation by outcome expectancy of a reduction of risk to the baby for intervention effects on sugared drink consumption and portion size, but in an unexpected direction: increased outcome expectancy led to less beneficial behaviour in both cases. We have no plausible explanation for this finding. Future qualitative research may help to understand the link between outcome expectancies with regard to the baby's health and changes in eating behaviour.
In the DALI Lifestyle Study, risk perception of developing GDM was not changed by the interventions. Overall, risk perception decreased somewhat over time, possibly after the majority of women tested negatively for GDM at baseline and 24-28 weeks of gestation. In line with previous studies, risk perception was not a predictor of behaviour change [16, 30, 31] , which questions the usefulness of this construct in the context of preventing GDM. According to the HAPA model, risk perception is important for intention formation (i.e., in the motivation phase), and not in the volition phase. Therefore, it is likely that in the context of our DALI Lifestyle Study, in which women participated voluntarily and were likely motivated for behaviour change to start with, risk perception does not play a role in behaviour change.
Although no significant intervention effects were found on sugared drink consumption at 24-28 weeks, mediation by both outcome expectancy of risk reduction for the baby and task self-efficacy was found. The mediating effects were in opposite directions (i.e., high task self-efficacy reduced sugared drink consumption and a high outcome expectancy increased consumption), which might have cancelled each other out and, therefore, limited intervention effects at this point in time. Also, for portion size mediation, satisfaction with social support without significant intervention effects in the HE&PA and PA groups was found. Apparently, there are some unmeasured mediators that work in opposite directions.
We only found limited intervention effects on satisfaction with social support for either physical activity or healthy eating, which might explain why no mediation by this factor was found. In the DALI interventions, social support was only discussed when women indicated to perceive too little support as a barrier for behaviour change. However, our findings could suggest that more attention should be paid to this aspect in the intervention, in order to achieve improvements, even when women do not raise the issue themselves.
Strengths and Limitations
The study was grounded in behaviour change theory with key psychological constructs measured over time. While the statements we used to question participants were almost similar to the ones used in previous HAPA research, we did not test their psychometrics. However internal validity could be inferred from the fact that self-efficacy for PA increased in both the HE&PA and PA group, but not the HE group and, vice versa, self-efficacy for healthy eating increased in the HE&PA and HE groups, but not the PA group. Another limitation of our study is that lifestyle outcomes were self-reported. However, we used lifestyle outcomes that were closely related to the intervention goals, and differentiated between psychological factors related to physical activity or to healthy eating. For practical reasons, we unfortunately did not include any items for psychological factors specifically related to sedentary behaviour, or to the specific healthy eating goals. This might explain why no mediation was found for sedentary behaviour, or for vegetable and carbohydrate intake.
Conclusions
In conclusion, our motivational interviewing intervention was successful in increasing outcome expectancy and task self-efficacy, both of which were related to improvements in some dietary and physical activity behaviours. Our findings corroborate the importance of self-efficacy in the process of improving lifestyle to improve clinical outcomes. The role of outcome expectancy for behaviour change needs further study.
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